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(54) Tire having tread portion with two different rubbers to control irregular wear 



(57) The present invention provides a tire ( 1 0) which 
comprises a tread layer for contacting a ground surface, 
a carcass reinforcement (16) extending entirely laterally 
under the tread layer (32) from one sidewall region to 
the other sidewall region, and a belt reinforcement (28) 
extending circumferentially between the tread layer (32) 
and the carcass reinforcement (16). The tire further 
includes a reduced rigidity rubber (34) component inter- 



posed between the tread layer (32) and the belt rein- 
forcement (28), the reduced rigidity rubber component 
having a hardness and a geometry such that the maxi- 
mum longitudinal and lateral contact stresses on the 
tread layer are reduced relative to a tire without such 
reduced rigidity rubber component 
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Description 

The present invention relates to a ne 2 
improved pneumatic vehicle tire and, more partita ^iy, 
to a new and improved pneumatic tire having a radial ply 
carcass or having a bias ply carcass. 

The present invention relates to a pneumatic vehi- 
cle tire, especially for commercial vehicles, having a 
radial carcass, the plies of which are made of steel or of 
a material of comparable high strength, and the ends of 
which terminate at or around the tire beads. The tire has 
a centrally disposed tread strip and a multi-ply belt. Typ- 
ically, in such a tire, the shoulders or lateral areas of the 
tire tread tend to wear at a greater rate than the central 
portion of the tread. This necessitates the premature 
scrapping of such tires due to their total wear in the 
shoulder area although the central portion of the tread is 
still satisfactory for substantial additional service. The 
non uniform distribution of tread wear is due in substan- 
tial measure to the severe conditions of service under 
which the tire must operate as well as due to the differ- 
ing impact of certain forces or stresses on the tire tread 
across its lateral or widthwise extent. 

In an attempt to overcome the drawbacks in pres- 
ently known tires it has been suggested to provide a tire 
specifically having a rubber component of a different 
property to beneficially affect the tire tread performance. 
For example, it has been suggested that additional rub- 
ber be incorporated in the laterally outward areas of the 
tread so that both the central and lateral portions of the 
tread wtli wear out at approximately the same time, not- 
withstanding the fact that the laterally outward areas of 
the tread wear more quickly than the central area. This 
solution may. however, cause an unwanted weight 
increase in the shoulder region which increases the 
heat build-up in the tire, thereby adversely affecting tire 
life Moreover, increasing the quantity of material in the 
shoulder regions adds to the cost of manufacture of the 
tire 

Another proposed solution to the problem of dispro- 
portionate tread wear is disclosed in U.S. Pat. No. 
3.853.164 which teaches the use of a cushion consti- 
tuted by a material which is harder than the material 
from which the tread is constituted disposed between 
the tread and the breaker of the tire, the cushion extend- 
ing to one or both of the lateral or outside walls of the 
tire. This solution also is not completely satisfactory 
because the use of such a hard cushion results in a ride 
quality which is substantially rougher than that of con- 
ventional tires. Furthermore, it has been found that the 
use of such a hard cushion tends to reduce the traction 
of the tire. 

A tire with a low-damping rubber layer disposed 
between plies of a multi-ply breaker belt is disclosed in 
U.S. Pat. No. 4.671,333 to Rohde et al. Such tires have 
given best results when used with commercial vehicles. 
By providing a step in the shoulder region, and by hav- 
ing the belt plies extend laterally into the stepped por- 



tions, as well as by possibly introducing a low-damping 
rubber layer between plies of the belt, it was hoped to 
achieve a tire having a reduced resistance to rolling. 
German Auslegeschrift 10 07 644 to Fletcher discloses 
s a vehicle tire having a belt of steel cord fabric with a 
resilient rubber underlayer of a carcass rubber mixture 
disposed radially outwardly from an eight-ply diagonal 
carcass of textile fabric. The belt plies extend at an 
angle of 45 degrees relative to the circumferential direc- 
w tion of the tire. The rubber underlayer serves to prevent 
detachment of the belt from the carcass due to the over- 
all rigidity of the tire and the relative movement between 
the tread strip and the carcass resulting therefrom. The 
rubber underlayer is at least 2 to 5 mm thick. 
is A pneumatic tire discloseo in U.S. Pat. No. 
3,931,844 comprises a cushion-like support under the 
tread member. This support is more supple or softer 
than the rubber mixture of the actual tread member and 
extends over the tire width. The support has its greatest 
20 thickness in the region of the equatorial plane of the tire 
and has only a relatively small thickness in the region of 
the tire shoulders. The disclosed tire is intended to pro- 
vide uniform tire wear and improved traction. 

Nonetheless in spite of the attempts to ameliorate 
25 the problems of tire tread performance through the stra- 
tegic placement of special property rubbers, there still 
remains room for improvement in this approach to an 
improved tire. 

The present invention advantageously provides 
30 improved tread performance and, in particular, 
improved tread wear resistance in a tire which com- 
prises, in one aspect of the present invention, a tread 
layer for contacting a ground surface, a carcass rein- 
forcement extending entirely laterally under the tread 
35 layer from one sidewall region to the other sidewall 
region, and a belt reinforcement extending circurrtferen- 
tially between the tread layer and the carcass reinforce- 
ment. The tire further includes a reduced rigidity rubber 
component interposed between the tread layer and the 
40 belt reinforcement, the reduced rigidity rubber compo- 
nent having a hardness and a geometry such that the 
maximum longitudinal and lateral contact stresses on 
the tread layer are reduced relative to a tire without such 
reduced rigidity rubber component. 
45 According to another aspect of the present inven- 
tion, there is provided a tire comprising a radial ply car- 
cass defining lateral regions, two shoulder regions, and 
a tire axis. The tire additionally includes two side walls 
each covering a respective one of the lateral regions of 
so the radial ply carcass and a belt reinforcement member 
extending circumferential ly radially outwardly of the 
radial ply carcass. Further, the tire includes a tread 
member disposed radially outwardly of the belt rein- 
forcement member and defining a crown region of the 
55 tire, the tread layer having a ground contacting surface 
forming the radially outermost surface of a body region 
of the tread member. 

The body region includes a first rubber portion of a 



2 



^SDOCID: <EP 0827845A1_I_> 



3 



EP 0 827 845 A1 



4 



predetermined hardness and a second rubber portion 
of a hardness less than the predetermined hardness of 
the first rubber. The second rubber portion includes at 
feast one rubber product having a predetermined lateral 
extent which is disposed relative to the first rubber such 
that the maximum longitudinal and lateral contact 
stresses on those extents of the ground contacting sur- 
face which are at least partially laterally coextensive 
with the at least one rubber product is no greater than 
the maximum longitudinal and lateral contact stresses 
on the extents of the ground contacting surface which 
are not at least partially laterally coextensive with the at 
least one rubber product. 

Figure 1 is a perspective view of a tire mounted on 
a rim, the tire being shown in an inflated and loaded 
condition as exists when the tire supports a vehicle 
on a ground surface and the arrows schematically 
illustrating the distribution of the forces exerted by 
the inflation gas on the tire during rolling contact of 
the tire along the ground surface ; 

Figure 2A is an enlarged perspective cross-sec- 
tional view of an angular portion of the tire shown in 
Figure 1 ; 

Figure 2B is an enlarged perspective view of a dif- 
ferential element of the tire shown in Figure 2A ; 

Figure 2C is an enlarged cross sectional view of a 
portion of the tire shown in Figure 2B and showing 
one possible configuration of the second rubber 
portion ; 

Figure 2D is an enlarged cross sectional view of a 
portion of the tire shown in Figure 2B and showing 
another possible configuration of the second rubber 
portion 

Figure 2E is an enlarged perspective view in partial 
section of a portion of the tire shown in Figure 2B 
and showing a further possible configuration of the 
second rubber portion ; 

Figure 3A is a graphical representation of the 
measured lateral contact stresses imposed on the 
contact length of the tire of the present invention as 
compared to conventional tires ; and 

Figure 3B is a graphical representation of the 
measured longitudinal contact stresses imposed on 
the contact length of the tire of the present invention 
as compared to conventional tires. 

As used herein and in the claims, a mid circumfer- 
ential plane means the plane perpendicular to the tire s 
axis of rotation and passing through the center of its 
tread. The terms "radial" and "radially" are understood 



to refer to directions that are perpendicular to the axis of 
rotation of the tire, the terms "axial" and "axially" are 
used herein to refer to directions that are parallel to the 
axis of rotation of the tire and the terms "lateral" and 

5 "laterally" are understood to refer to directions going 
from one sidewall of the tire towards the other sidewall 
of the tire. "Groove" means an elongated void area in a 
tread that may extend circumferentially or laterally in a 
straight curved or zig-zag manner. 

w Tread width" (TW) is defined as the greatest axial 
distance across the tread, as measured from a footprint 
of the tire, when the tire is mounted on a rim, subjected 
to a load, and inflated to a pressure selected in corre- 
spondence with the load. All of the other tire dimensions 

75 used herein and in the claims refer to a tire having been 
mounted on a rim and inflated to a predetermined pres- 
sure but not subject to any load. It is, however, to be 
understood that the invention applies to new tires and to 
retreaded tires as well as to tire treads in strip form 

20 which are ultimately cured before or after mounting on a 
tire casing. 

A tire 10 having improved resistance to wear and 
that meets and achieves all the objects of the invention 
set forth above will now be described with reference to 

25 Figures 1 . 2A - D, and 3A and 3B. As seen in more detail 
in Figures 1 and 2A. the pneumatic tire 10 is adapted to 
be mounted on a rim 1 2 and comprises at least one car- 
cass ply 16 having ends 18 each turned up around one 
of a pair of in extensible annular bead members 20. The 

30 bead members 20 securely mount the pneumatic tire 10 
on the rim 12. 

The pneumatic tire 10 additionally includes a pair of 
sidewall portions 22 each extending from a location 
adjacent a bead member 20 to a shoulder region 24 at 

35 which the sidewall portion 22 is joined with a tread por- 
tion 26. The tread portion 26 forms the portion of the 
pneumatic tire 10 which is in contact with the ground 
surface 14 during rolling movement of the tire and the 
tread portion 26 may include conventional tire tread 

40 sculpture features such as, for example, circumferential 
or lateral grooves, sipes, or iamelles. The pneumatic tire 
10 also includes a plurality of circumferentially extend- 
ing crown reinforcement belts or plies 28 which are dis- 
posed radially intermediate the carcass ply 1 6 and the 

45 tread portion 26. The belt plies 28, as seen in Figure 2A, 
may include a plurality of steel reinforcing cords 30 
embedded in rubber or may alternatively include rein- 
forcing cords of a material other than steel. 

The tread portion 26 includes a ground contacting 

so surface forming the radially outermost surface of a body 
region of the tread portion. In accordance with the 
present invention, the body region includes a first rub- 
ber portion of a predetermined hardness and a second 
rubber portion of a hardness less than the predeter- 

55 mined hardness of the first rubber. As will be described 
in more detail below, the composition, geometry, and 
location of the first and second rubber portions relative 
to one another and other components of the tire are 
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selected to achieve desirable longitudinal and lateral 
contact stresses in selected regions of the tire, in partic- 
ular, the shoulder regions. For example, as seen in Fig- 
ures 2A and 2B, the first rubber portion 32 may be 
comprised of the rubber which is formed on the steel 
reinforcing cords 30. The first rubber portion 32 may 
extend laterally across the entire width of the tread por- 
tion 26 and may extend racially from the belt plies 28 to 
the ground contacting surface of the tread portion 26. 

In many tire design situations in accordance with 
the present invention, the benefits of the invention can 
best be achieved by selecting the second rubber portion 
to have at the most one-haff the hardness of the first 
rubber portion. Moreover, it may be advisable to provide 
a third rubber portion having a hardness characteristic 
intermediate that of the first and second rubber portions 
such that the third rubber portion can function as a tran- 
sition component in transmitting the stresses between 
the first and second rubber portions. 

As seen in Figure 2C, the second rubber portion 34 
may be in the form of a rubber product of a limited lat- 
eral extent disposed radially intermediate the ends of 
the belts plies 28 and the extent of the first rubber 32 
forming the tread features of the tread portion 26. In Fig- 
ure 2B. which is an enlarged view of a differential ele- 
ment of the tread portion 26. in one possible disposition 
of the first rubber portion 32 and the second rubber por- 
tion 34 to each other, the first rubber portion is adhered 
to the steel reinforcing cords 30 of the belt plies 28 and 
the second rubber portion 34 is adhered to the first rub- 
ber portion 32. 

Alternatively/ as seen in Figure 2D, the second rub- 
ber portion 34 may be in the form of a rubber product of 
a full lateral extent disposed radially intermediate the 
ends of the belts plies 28 and the extent of the first rub- 
ber 32 forming the tread features of the tread portion 26. 

The fill lateral extent of the second rubber portion 
34 may, as illustrated, extend into the shoulder regions 
24 In any event, the second rubber portion 34 is of a 
selected predetermined lateral extent and is selectively 
disposed relative to the first rubber portion 32 such that 
the maximum longitudinal and lateral contact stresses 
on those extents of the ground contacting surface which 
are at least partially laterally coextensive with the sec- 
ond rubber product 34 are no greater than the maximum 
longitudinal and lateral contact stresses on the extents 
of the ground contacting surface which are not at least 
partially laterally coextensive with the second rubber 
product 34. 

As an additional alternative, as seen in Figure 2E, 
the second rubber portion 34 may be in the form of a 
rubber product of a fill lateral extent disposed radially 
intermediate the ends of the belts plies 28 and the 
extent of the first rubber 32 forming the tread features of 
the tread portion 26. In this configuration, the second 
rubber portion 34 extends radially outwardly of the bot- 
toms of the major circumferential grooves 36 formed in 
the tread portion 26. The full lateral extent of the second 



rubber portion 34 may, as illustrated, extend into the 
shoulder regions 24. In any event, the second rubber 
portion 34 is of a selected predetermined lateral extent 
and is selectively disposed relative to the first rubber 

5 portion 32 such that the maximum longitudinal and lat- 
eral contact stresses on those extents of the ground 
contacting surface which are at least partially laterally 
coextensive with the second rubber product 34 are no 
greater than the maximum longitudinal and lateral con- 

w tact stresses on the extents of the ground contacting 
surface which are not at least partially laterally coexten- 
sive with the second rubber product 34. 

Figure 3A is a graphical representation of the 
measured lateral contact stress imposed across the 

is contact length of the tread portion 26 of a tire of the 
present invention as compared to the lateral contact 
stress imposed on a tire having a conventional rubber 
tread portion and a tire having a relatively hard rubber 
tread portion. It can thus be seen that the maximum lat- 

20 eral contact stress for the tire of the present invention 
across its contact length is lower than for the compari- 
son tires. As noted, this reduced maximum lateral con- 
tact stress leads to a reduction in the slippage of the 
tread on the ground, thus reducing the rate of wear of 

25 the tire. 

Figure 3B is a graphical representation of the 
measured longitudinal contact stress imposed across 
the contact length of the tread portion 26 of a tire of the 
present invention as compared to the longitudinal con- 
so tact stress imposed on a tire having a conventional rub- 
ber tread portion and a tire having a relatively hard 
rubber tread portion. It can thus be seen that the maxi- 
mum longitudinal contact stress for the tire of the 
present invention across its contact length is lower than 
35 for the comparison tires. 

The second rubber portion 34 can be produced in a 
conventional manner by extrusion or calendering. To 
simplify build-up of the tire, the second rubber portion 
34 can be preassembled or complexed with the first rub- 
40 ber portion 32 prior to the building of the tire. The inven- 
tive tire construction described above is particularly 
suitable for tires for commercial vehicles, such as trucks 
and buses, where the tires have a relatively low height- 
to-width ratio, i.e. where the ratio of the height H of the 
45 tire to the width B of the tire is 0.9 and less. 

The present invention exploits the heretofore unrec- 
ognized relationship between the maximum longitudinal 
and lateral contact stresses imposed on the tire and the 
wear of the tire to provide a tire with improved wear 
so endurance. It is understood that the invention has a 
scope sufficient to include the full range of values of the 
maximum longitudinal and lateral contact stresses to 
the extent that the wear improvement potential of the 
invention is achieved. Thus, the invention covers those 
55 tire design situations in which the geometry, composi- 
tion, and location of the reduced rigidity rubber portion 
is selected to only slightly reduce the maximum longitu- 
dinal contact stresses while relatively significantly 
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reducing the maximum lateral contact stresses. Con- 
versely, the invention covers those tire design situations 
in which the geometry, composition, and location of the 
reduced rigidity rubber portion is selected to only 
slightly reduce the maximum lateral contact stresses 
while relatively significantly reducing the maximum lon- 
gitudinal contact stresses. In any event, it is to be under- 
stood that the reductions in the maximum longitudinal 
and lateral contact stresses are optimally selected in 
coordination with the impact of the reduced rigidity rub- 
ber portion on the handling and rolling resistance char- 
acteristics of the tire. Additionally, it will often be prudent 
to take into account the impact of the reduced rigidity 
rubber portion on the manufacturing complexity of the 
tire. 

Claims 

1- A tire (10), comprising : 

a tread layer (26) for contacting a ground sur- 
face ; 

a pair of bead members (20) ; 

a carcass reinforcement (16) extending entirely 
laterally under the tread layer from one sidewall 
region (22) to the other sidewall region (22), the 
carcass reinforcement having end portions (18) 
each tuned up around a respective one of the 
bead members (20) ; 



2. A tire (10) comprising : 

a radial ply carcass (16) defining lateral 
regions, two shoulder regions (24), and a tire 
axis ; 

two side walls (22) each covering a respective 
one of the lateral regions of the radial ply car- 



10 



15 



20 



30 



a belt reinforcement (28) extending circumfer- 
entially between the tread layer and the car- 
cass reinforcement (16) ; and : 35 



a reduced rigidity rubber component (34) inter- 
posed between the tread layer (32) and the belt 
reinforcement, the reduced rigidity rubber (34) 
component having a hardness and a geometry 
such that the maximum longitudinal and lateral 
contact stresses on the tread layer are reduced 
relative to a tire without such reduced rigidity 
rubber component. 



40 



45 



50 



55 



a tread member (26) disposed radially out- 
wardly of the belt reinforcement member (28) 
and defining a crown region of the tire, the 
tread layer having a ground contacting surface 
forming the radially outermost surface of a 
body region of the tread member and the body 
region including a first rubber portion (32) of a 
predetermined hardness and a second rubber 
(34) portion of a hardness less than the prede- 
termined hardness of the first rubber, the sec- 
ond rubber (34) portion including at least one 
rubber product having a predetermined lateral 
extent which is disposed relative to the first rub- 
ber such that the maximum longitudinal and lat- 
eral contact stresses on those extents of the 
ground contacting surface which are at least 
partially laterally coextensive with the at least 
one rubber product are no greater than the 
maximum longitudinal and lateral contact 
stresses on the extents of the ground contact- 
ing surface which are not at least partially later- 
ally coextensive with the at least one rubber 
product. 



25 3. A tire (10), comprising 



a belt reinforcement member (28) extending 
circumferentially radially outwardly of the radial 
ply carcass ; 



a tread layer (26) for contacting a ground sur- 
face ; 

a pair of bead members (20) ; 

a carcass reinforcement (16) extending entirely 
laterally under the tread layer (26) from one 
sidewall region (22) to the other sidewall 
region, the carcass reinforcement (16) having 
end portions (18) each turned up around a 
respective one of the bead members (20) ; 

a belt reinforcement (28) extending circumfer- 
entially between the tread layer (26) and the 
carcass reinforcement (16) ; and : 

the tread layer (26) having a first rubber portion 
(32) having a predetermined hardness and 
geometry and a second rubber (34) portion 
radially intermediate the first rubber portion 
(32) and the belt reinforcement (28), the sec- 
ond rubber portion (34) having a hardness and 
a geometry selected with respect to the prede- 
termined hardness and geometry of first rubber 
portion (32) such that the maximum longitudi- 
nal and lateral contact stresses on the laterally 
outermost regions of the tread layer tread layer 
are substantially no greater than the maximum 
longitudinal and lateral contact stresses on the 
region of the tread layer laterally intermediate 
the laterally outermost regions of the tread 
layer. 
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